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Buildings - Benefits and Applications
Welcome to the Webinar! We will start at 12:00 Noon Eastern Standard Time

Be sure that you are also dialed into the telephone conference call:
Dial-in number: (888) 843-6171; Pass code: 1658993
(If asked for a PIN #, press *0)
Download presentations at http://www.buildings.energy.gov/webinars.html

There will be a Q&A session at the end. Questions will be submitted electronically and answered verbally. Submit
your questions by selecting “Q&A” on the menu at the top, click in the top box, type your question and click “Ask.
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Today’s Speakers

Jim Rannels leads the Commercial Buildings Integration and Deployment Team at the
U.S. Department of Energy Building Technologies Program. His team works to improve
the efficiency of commercial buildings through fostering industry alliances and partnerships,
researching building technologies and strategies, and developing energy simulation software.

Michael Deru, Ph.D., is a Senior Engineer Il for the Center for Buildings and Thermal Systems
at the National Renewable Energy Laboratory (NREL). Dr. Deru leads the DOE Commercial
Building Benchmark Project at NREL, which is developing standard energy models of commercial
buildings for DOE research. He uses EnergyPlus and NREL optimization programs to develop
energy design guides for several commercial building types, and has been the project manager for
the U.S. Life Cycle Inventory Database since its inception.

Kristin Field is a Mechanical Engineer at NREL, with several years of building energy
simulation experience, primarily using EnergyPlus software. Ms. Field performed a significant
portion of the energy modeling for the DOE commercial reference buildings. She also leads a
modeling effort to determine radiant cooling savings in India office buildings, and is the fFacilitator
and Technical Lead of the Restaurant and Food Preparation Subcommittee of the DOE’s Retailer
Energy Alliance.

Bing Liu, P.E., is a Senior Research Engineer at Pacific Northwest National Laboratory
(PNNL) with more than 15 years of experience in sustainable building design and analysis, energy
efficiency analysis and simulation, and high-performance building metering and measurement. Ms.
Liu leads the PNNL commercial building simulation team supporting the next generation of codes
and standards (ASHRAE Standard 90.1 and IECC). She is also chairing the project committee to
develop the first Advanced Energy Design Guide book targeting 50% energy savings for small to
medium offices.

Building Technologies Program eere.energy.gov
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Commercial Buildings’ Energy Share

 Commercial buildings account for:
— 18% of U.S. energy

— 18% of greenhouse gas
emissions (~1,000 MMT of CO.e)

— slightly less than India’s entire
energy consumption and GHG
emissions




Commercial Square Footage Projections

12
10 Plus ~38B ft.2
104 new additions
8 “Minus ~168 ft.2

demolitions
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Floor area (billions)

=

2003 2010 2030

Source: EIA’s Annual Energy Outlook 2009, Table 5.



Presenter
Presentation Notes
From 2010 to 2030, total floor space increases by 23 Billion SF. 

But this increase is a net combination of two sources, "New Additions" and demolitions.

From 2010 to 2030, 16 billion SF are demolished, and about 40 billion SF are "new additions". The difference is 24 billion. (Andrew said there is a discrepancy of about 4% in his analysis, but it does NOT affect the larger conclusion. )




Simulation in Low-Energy Building Research

 In DOE’s low-energy building research, simulation has
been critical for designing and operating buildings to
support decision-making

* But we need ‘reference’ models to represent new and
existing buildings for research and technology evaluation.




Reference Buildings

« NREL, PNNL, and LBNL developed reference buildings

Set of standardized buildings that can be used as a
code-compliant starting point

Can be used for sector analysis (building stock weights)

Can be used to set performance targets by specific climate or
other parameters (covers all climate zones)

Can be used to show progress toward goals
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DOE Commercial Reference Building
Development and Application

Michael Deru, PhD — NREL
Kristin Field — NREL

Dru Crawley — DOE (former)

Brent Griffith, Kyle Benne, and Danny Studer — NREL
Bing Liu, Mark Halverson, Dave Winiarski, and Michael
Rosenberg — PNNL

Joe Huang and Mehry Yazdanian — LBNL

May 18, 2010

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Motivation

e Developing good energy models is a lot of
work! — 1,000’s of inputs

e Often depend on default values and inputs
from other simulations

=» Standard reference models provide a
common set of inputs that people can “trust”

National Renewable Energy Laboratory Innovation for Our Energy Future



Approach

e Balance of accuracy and practicality

— Best estimations when there is limited data

 Review and buy in by the modeling community

— DOE and other researchers
— ASHRAE review

e Data sources
— CBECS and construction start data
— ASHRAE standards
— AEDG committees

— EXisting research

National Renewable Energy Laboratory Innovation for Our Energy Future



Commercial Reference Buildings

16 building types
16 locations

Three sets of buildings (more in the future)
— New construction — 90.1-2004

— Post-1980 construction (~90.1-1989)

— Pre-1980 construction (pre energy standards)

16 x 16 x 3 = 768 models!

enewable Energy Laboratory Innovation for Our Energy Future



Reference Building Models (16)

Building Activity Area ft2 | Floors Source
Small Office 5,500 1 Small Office AEDG
':9:) Medium Office 53,630 3 2003 CBECS
> Large Office 498,588 12 2003 CBECS
9 Primary School 73,960 1 K-12 AEDG
§ Secondary School 210,890 2 K-12 AEDG
B Stand-alone Retail 24,962 1 2003 CBECS
g Strip Mall 22,500 1 2003 CBECS
: Supermarket 45,000 1 2003 CBECS
1§ § Quick Service Restaurant 2,500 1 2003 CBECS
w o Full Service Restaurant 5,500 1 2003 CBECS
g Small Hotel 43,200 4 Highway Lodging AEDG
§ Large Hotel 122,120 6 2003 CBECS
= o Hospital 241,351 5 2003 CBECS
§ 8 Outpatient health care 40,946 3 Health Care AEDG
Storage Warehouse 52,045 1 Warehouse AEDG
dzifiiél Midrise Apartment 33,740 4 PNNL

National Renewable Energy Laboratory
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Reference Building Locations

No | Climate Zone Reference Bldg. City DOE City

1 1A Miami FL Miami FL

2 2A Houston TX Houston TX

3 2B Phoenix AZ Phoenix AZ

4 3A Atlanta GA Memphis TN

5 3B-CA Los Angeles CA

6 3B-other Las Vegas NV El Paso TX

7 3C San Francisco CA San Francisco CA
8 4A Baltimore MD Baltimore MD
9 4B Albuquerque NM Albuquerque NM
10 4C Seattle WA Salem OR

11 5A Chicago IL Chicago IL
12 5B Denver CO Boise ID

13 6A Minneapolis MN Burlington VT
14 6B Helena MT Helena MT

15 Duluth MN Duluth MN

16 Fairbanks AK Fairbanks AK

National Renewable Energy Laboratory

Innovation for Our Energy Future




Weighting Factors

e Each weighting factor represents the number
of buildings represented by each Reference
Building in each location

* Allows results from each Reference Building
to be projected across sectors and regions

e Developed from construction start data from
2003-2007 =» For new (recent) construction

1A |2A |3A|3B|[3C |4A | 4B |4C | 5A | 5B |6A | 6B | 7 | 8

Small Office 201.9 | 2559.5 | 695.7 | 2316.1| 1142.2| 187.0 | 2251.0| 113.9 | 294.8 | 2213.0 | 774.1 | 580.2 | 72.7 | 77.8

Medium Office 31.9 | 2005 | 72.0 | 1889 | 176.4 | 33.5 | 2935 9.0 483 | 261.4 | 84.4 73.6 8.6 8.1

Large Office 2.7 8.6 16 | 118 | 76 31 | 300 | 00 4.1 11.7 3.2 35 00 [ 03
Pri. School 11.4 | 167.0 | 29.4 | 169.0 | 79.8 85 | 160.1 | 5.4 16.8 | 1646 | 40.0 | 30.1 6.7 4.2
Sec. School 10.1 | 955 | 14.4 | 1188 | 51.4 69 | 1263 | 4.0 152 | 1432 | 275 | 26.1 5.4 4.7

National Renewable Energy Laboratory Innovation for Our Energy Future



Office Buildings

Small Office
1 floor, 5,500 ft?

Large Office
12 floors, 498,588 ft2

Medium Office

3 floor, 53,630 ft2

National Renewable Energy Laboratory Innovation for Our Energy Future



Primary School
1 floor, 73,960 ft?

Secondary School
2 floors, 210,890 ft°

ational Renewable E




Small hotel
4 floors, 43,200 ft2
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Large hotel
6 floors, 122,120 ft?

National Renewable Energy Laboratory
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Healthcare

Outpatient Healthcare
3 floors, 40,946 ft?

Hospital

5 floors, 241,351 ft?2
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What's Available?

e EnergyPlus input and html output files
Scorecards — spreadsheets with input
parameters and output results

* Project report (coming summer 2010)

A Crimaon Ediler - [£:WPrejectstbanchmarka\dranchesiV1, 2_4.0V ulSveRestinreasw\RibyisimutalionsWiamilin.id(]
Fle [t Search View Coosmert Project Toodks Haoos Window Melp
DSLed B0 S0 1@ - - = AN LG

& nid

S

CERE Y|

DOE Commercial Building B
Full Sapvics Raseascant,

£ hmar b
Bew construstien

Fie E8 Wew Hotory Bochmarks Jeok  Heb

Denchmack ¥ 1.2 4.0
Energyrlus ¥ 4.0 .

ASERAE Standards S0.1-2004 and 62-1359 = C X (L] s 280/
Deaceiption: Single svory, Tve zome buildiog. B niee Stuhdrier|

Form: Avea = 511w (5,500 f131; Wusbec of Stories = 1 pfS = .

Ernm bape: Envelope Chermal properties vapy with clime
OpAqEE SORSETUCTIORS: Atasl frams wAlls: AtEic red
Windows: window-to-wall ratia = 17.1% | Frogremn Versnon EnergyPlus 4 000024, 10/26 2009 11:37 PAL
Infiltration = 0.4 cfm/ft sbove grade wall area o

504 ot full value uhes ventilatios |

Tabvuler Cutput Beport in Formar HTAML

HVAS ur:nu 90,1-2004 PEI-AC, gas fuzpace
cmigeea per ASHRAE 90,1-2004 N . B
Exhaae Kitchen exhaust 1888 Lis (4000 cfmi, 97% of sxkaus] Bizld=g Henchmark Full Service Restaurant New V1.2 40

Hitckar axhaust Tan modsled as s¥tarisr lead to sy

Refrigeracion: ¥alk-in cocler and walk-in freezsr Emnropment: MIAMI FL USA TAIY2-12839 WAIO=="21020
Inc. gains:  U/m (Wfe2)  lights elec plug L 0091016 23178
Fireben 129 11,21 37 (35,01 11| Semuation Tenestamp: 2009-10-16 23:37:59
banisa 22.6 1211 60,3 15.6) o
Datached Shading: Ware N Bepore e Forformman
Darlight: Kone
Natural Vencilation: Yore For Entire Faciliry
Zonal Equipmenc: Kore
Aic Peimacy Loopa: PIT-AC:1: PEI-AC:E 1036 3137
o | Tenstuy: 2009.10.26 13:37:59
Ten
Hane Values gathered over 876000 hours
Hone

toils: Coilitooling: bX: Singledpeed: Coi
Funps: None
Boilers Hame
Chillees: Hoee

{f St sud Sowrce Energy

(TarTr NOTICE Treee
Total Energy [GI] | Energy Per Total Budding Area [MUri2] | Energy Per Conditisned Building
The Denchwacks were prepared as an account of work spomzare
agency of the United States govermment. Neither che Uniced Total Se Energy FMATS 4591.0%
govermnment nor any agemey therecf, nor any of their emplaye
any wagranty, sapsess o inplied, or assupss any legal liok ez Site Energy 234673 4591 0%
reaponsibility for the m : leteness, of wactulnes
fermat san e e ne v | | Total Source Energy 3692 40 11150.0%
Het Scaree Energy 5695 40 1135005

o Source to Site Energy Conversion Factors

L]

Source=>Sie Conversion Factor
T 1

o pore

Tabe of Cortents

B+ BenthimarkF U erice RSt antiewi 1.2 410 S1xlsi - KEcrosom Excel _omox
Pagelapect  Farmilsi  Data  Rewew  View  Anobst - = x
- SN . e | - - | . = e : Antotum ¢
w - =y e [FwnsTe General rﬂ i 5= } i_il| 'l J«}
SNty (N 0 A0 o Mo i Commte = | o | 23| L e = || e Jf'“' e~ St
] - Musmbigs - Strles £l Edning
=l o £ F TFomsia B T ) 3 L O} ] ] F [ |
Zone Summary
Zone Name Floer o Window Eloc Plug Gas Plug
Conditia Multl Cailing  Gross Wall  Glass and and Ventilation
ned (Y] plier Arsn  Valuma Helght  fsea [m’) A Peopls Lights Process Process  SWH  (LisiPerson Ventliation Yantilati
i [m?) _m’) fm) {m) iper) I _ (Wi ' [Lm) 1 (Listm’) _ Tatal {i.
3 Dineg os T an ™ A6 165 T W™ eI 260 nea 00 ] 000 28T
& Kitchen es 1 1 425 305 107 0 BS8 750 1291 IRE0 119781 535 800 0.00 &0
5 Al Ho 151 856 168 [] ] J
& Total Conditioned Fones 1. 1550.4 msr ary s
i Data Source 1 245 4.5 4.5 3 3
]

10 Sources

11 [1] ASHRAE Standaed 62 1-20)
12 2] ASHRAE Standsed 90.1-20)
13 [3] ASHRAE Standard 62-1979
14| [4] DOE Banchmark Repon
15 [5] Smith, V. A, and D R. Fish
1%

T
i}
i
o
Fil
o
a
a
=
®
aZ

{4 Tablo 61, Atlanta, GA: Amsencan Saciety of Heating, Refigerating and Air Condmioning Enginoers
{4 Tables 9.5.1 & 96,1, Allanta, G4 American Socety of Heating, Refigerating and Ait-Condtioning Engnesrs
Table 61, Allanis, GA: Amencan Socsty of Hesbng, Reingerating and Au-Condboning Engneers

b, (2001), Estimating Food Serice Loads and Profles. ASHRAE Transactions 2001. V. 107, P12 Atlants, GA: Amarican Seciety of Heating. Refgerating and Aw-Conditioni

—

National Renewable Energy Laboratory



Where Can You Get Them?

£2) Net-Zero Energy Commercial Building Initiative: Commercial Reference Buildings - Mozilla Firefox
Eile Edit View Bookmatks

O -c

|j MNet-Zero Energy Commercial Buildin... | - -

Histary Tools  Help

{5t \j http:f fwvawz, eere energy .gow /buildings fcommercial_initiative reference _buildings.html ﬁ_ff - -'l' penn state )

U.S. DEPARTMENT OF Energy EfﬁCIenCy &

ENERGY Renewable Energy

Building Technologies Program

About the Program Information Resources | Financial Opportunities | Technologies | Deployment | Home

Net-Zero Energy Commercial Building Initiative T
Commercial Building = Printable Wersion | EERE Information Center
Initistive Home Commercial Reference Buildings Programs and Offices
About the Initiative The U.S. Department of Energy (DOE), in conjunction with three of its national lsboratories, developed
commercial reference buildings, formerly known as commercial building benchmark models. These reference
Partnerships buildings provide complete descriptions for whale building energy analysis using EnergyPlus simulation software.

. . On this page you will find links to the reference building information and the energy models.
Design & Evaluation

whaole Building Design There are 16 building types that represent approximately 70% of the commercial buildings in the U.5., accarding
Charrette to the paper published by the National Renewable Energy Laboratory titled DOE Cormmercial Benchimark Modals
(PDF 521 KB). These modules will help to provide a consistent baseline of comparison and improve the value of

Reference Buildings - A
computer energy simulations using software such as EnergyPlus, Download Adobe Reader.

- Mew Construction

- f;é“;tr“md Inorafter  Available Reference Buildings

Commercial reference building models are available for the following categories:
- Constructed Before 1930
Design Guidss * New constru_ction )
® Existing buildings constructed in or after 1980 {"post-1980"

e Existing buildings constructed before 19280 ("pre-1920") 1

Maodeling Software

Ferformance Monitoring

Net-Zers Energy Building Type and Climate Zone _ o _
Building Projects DCE developed 16 reference building types that represent most commercial buildings across 16 locations, which
represent all U.S. climate zones.
Resources
Building Type Name Floor Area (ft2) Number of Floors
Quick Links Large Office 493,588 12
ComrmarsE] Medium Office 53,628 3
Building Energy small Office 5,500 1
Alliances
Information for Warehouse 52,045 1
Shrpilem Stand-alone Retail 24,962 1
Strip Mall 22,500 1
Primary School 73,960 1
Secondary School 210,887 2
Supermarket 45,000 1
Quick Service Restaurant 2,500 1
Full Service Restaurant 5,500 1
Hospital 241,351 5 3
Done

http://www1l.eere.enerqgy.qov/buildings/commercial initiative/reference buildings.html
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How Should They Be Used?

« Common, reference-able starting points
Fully functional, vetted EnergyPlus example
files

Storage of a body of buildings knowledge

Study of one building type in many climates

— Relative consumption/demand by climate

— Differing effects of energy design measures by
climate

o Study of several building types in one climate
— Estimate (rough) aggregate community load
profile
— Develop a list of energy design measures
appropriate to a specific region

National Renewable Energy Laboratory Innovation for Our Energy Future



How Should They Not Be Used?

* Prediction of utility bills (as with any energy
model)

* Proxy for a specific proposed building

e To study building types that differ significantly

from the 16 reference buildings

— Examples:

 Significant modifications to warehouse model need to be
made if modeling a refrigerated warehouse

» Large lab buildings would have greater diversity than the
lab space types in reference buildings

« Large theater, stadium not represented

* Recreation center/gym/pool not represented

* And others, use good judgment!

National Renewable Energy Laboratory Innovation for Our Energy Future



Example Applications

* |ce Storage Modeling

e Comparison of Rooftop Units

o Estimating Effects of Building Vintage
« ASHRAE Standards Evaluation

National Renewable Energy Laboratory



lce Storage Modeling

e Private sector company specializing in ice
storage technology

* |ce storage system performance depends on

ouilding load profile

« Reference buildings used to generate

orototypical hourly load profiles

e Hourly load profiles m=s In-house

performance calculator

1.80E-+09
1.60E-+09
1.40E+09 b i p_— I
1.20E+09 told

1.00E+09 - |
8.00E+08 -
6.00E+08
4_00E+08

L I aTal =il el

National Renewable Energy Laboratory Innovation for Our Energy Future



Comparison of Rooftop Units

e Research institute study
o Test effects of high-efficiency natural gas

furnace sections on rooftop units
— Different building types
— Different climates

* Answers the question: when is it worth the
extra capital cost?

 |nstitute needed models already complete so
that it could focus on equipment performance

National Renewable Energy Laboratory



Effects of Building Vintage

* Purpose: help characterize all building stock
for studies, not just new construction

e Comparison of 3 building “vintages”
— New construction 90.1-2004
— Constructed in 1980s or 1990s
— Constructed before 1980

 Major changes to energy models
— Lighting power densities (LPDs)
— Cooling equipment COPs
— Heating equipment efficiencies
— Infiltration
— Some changes in system types
— Envelope

National Renewable Energy Laboratory Innovation for Our Energy Future



Effects of Building Vintage

e LPDs and infiltration were most influential
changes overall

* Vintage comparisons: |
— New to Post-1980 < much bigger!
— Post-1980 to Pre-1980

 Wide range of increased energy use
Intensities (EUISs)

— Building types with high process loads showed

smaller % increases new to existing

e Restaurants
 Health care

« Remember: results are not prediction of
Increase In utility bills over time

National Renewable Energy Laboratory Innovation for Our Energy Future



Evaluation of ASHRAE Standards

e Standard 100

— Existing buildings efficiency standard

— Primarily uses CBECS 2003 for baseline
comparison values

— Problem: Not all building types in all U.S. locations
are represented significantly in CBECS dataset

— Solution: Use reference building models to

“stretch” the dataset

« Example
— Determine baseline value for retail building in City A
— City A has little or no retail buildings in CBECS
— No reliable baseline value for City A
— City B does have good retail representation
— Use stand-alone retail reference building
— Simulate in both City A and City B
— Determine ratio of consumption A/B
— Baseline A = (Ratio A/B) * (CBECS value for City B)

National Renewable Energy Laboratory Innovation for Our Energy Future



Evaluation of ASHRAE Standards

e Standard 189.1

— Reference models with some variations
« ASHRAE 90.1-2004, Appendix G system types
e Other minor variations

— Goal: 30% reduction over ASHRAE 90.1-2007

— Weighted average result: 29.7% savings
o First iterations fell short
» Reference models allowed standard committee to gauge
progress toward 30% goal

— 20% savings from energy efficiency measures
— 10% savings from required renewables

e Standard 90.1

National Renewable Energy Laboratory Innovation for Our Energy Future
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ASHRAE Standard 90.1

>

>

Energy design standard for
commercial and multi-family
residential buildings (>3 stories)

Baseline of many above-code
programs for commercial
building energy efficiency,
Including AEDGs, Standard
189.1, and LEED

Developed in an ANSI
consensus process by ASHRAE
and IES in a 3-year publication
cycle

ANSI/ASHRAE/IESNA Standard 90.1-2007
(Supersedes ANSI/ASHRAE/IESNA Standard 90.1-2004)
Includes ANSI/ASHRAE/IESNA Addenda listed in Appendix F

ASHRAE STANDARD

Energy Standard for
Buildings Except Low-Rise
Residential Buildings

I-P Edition

See Appenda F for soprovel dates by e ASHRAE Standards Commitee, the ASHRAE Board of Direciors, the
|IESNA Board of Direciors, and mBAmnrzn Nafional Standards insfitute:

This standard is under cenfinuous maintenance by a Standing S1 m! rd P dCD rﬂzeen{ SPC) for which the

Standards Committes has established a dowrrented program for regular publication danrrevsons_
nciuding plmx!ures furhn'ersc documented, Consensus ammn on requests for mange ln anjr part of the stan-
dard. The change sul fu'rn ns1n.cﬁms, and deadlines may be obisined in electronic form from the ASHRAE
Web site Im:waw h’a orin paper form from the MmagerufStandards_The latest edition of an ASHRAE
‘Standard may be purchased fm ASHRAE Cuss; n'ner Senvice, 17" Mama‘ (G4 30328-2305.
E-n'al orders@ashrag org. Fac 404-321-5473. Telephone: 411-1—%6 B41] twa :M or fofl free 1-800-527-

23 ifor orders in US dCan da).

Copyright 2007 ASHRAE, Inc.

SN 1041-23
Joi ponsored by
IES e,
. [[[[ @
ORITY
mmmmmmmmmmmmmmmmmm ety of North America WAW.ansi.org

a.0rg
American Society of Heating, Refrigerating
and Air-Conditioning Engineers, Inc.

1791 Tullie Circle NE, Atlanta, GA 30329
www.ashrae.org

7

Pacific Northwest
MNATIONAL LABORATORY



Energy Use Index (1975 Use = 100)

History of ASHRAE Standard 90.1

PNNL Estimates for BECP - Commercial Codes with Goal
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PNNL’s Building Simulation Support

to ASHRAE Standard 90.1

m DOE’s Determination

o Estimate the energy savings of 90.1-2007 and 90.1-2010 as
part of DOE’s Quantitative Analysis.
m Energy Saving Analyses
e Support subcommittees’ new proposals
o Develop the building load profile spreadsheet tools for
mechanical subcommittee
m Progress Indicator

o Measure progress toward the 30% improvement goal in
Standard 90.1-2010



Progress Indicator - Overview

» Measure progress toward the 30% improvement goal in Standard
90.1-2010

Baseline is 90.1-2004
Standard 90.1-2007
Standard 90.1-2010 (the approved addenda to 90.1-2007)

Update Progress Indicator (PI) and report to ASHRAE 90.1 committee at each
guarterly meeting

» Calculate the national weighted-average energy savings

Assign the new construction weights to each prototype by climate zone
National weighted-average EUI and energy cost for each prototype

National weighted energy and cost saving percentage across various building
types

» PNNL’s EnergyPlus Simulation Frame Structure

Each set of Pl will need run 1632 EnergyPlus models
1632 runs = 16 prototypes x 17 locations x 3 Standards x 2 Ventilation Stant'~-~

Automatic process to read into the modeling inputs and extract the
modeling results



90.1 Simulation - Prototype Buildings

McGraw-Hill New Construction Data by Building Type

_ Total Floor Area Const_ruction Download PNNL report on
Serial No ASHRAE Prototype (x1000 ft?) Weights ] . )

1 Large Office 220,134 2.66% construction WelghtS.

2 Medium Office 400,091 4.84% http://www.pnl.gov/main/publications/external/techni

3 Small Office 371,009 4.49% cal reports/PNNL-19116.pdf

4 Stand-alone Retail 1,009,246 12.21%

5 Strip Mall 375,093 4.54%

6 Primary School 330,418 4.00%

7 Secondary School 685,508 8.29%

8 Hospital 228,131 2.76%

9 Outpatient Health Care 289,171 3.50%

10 Full-service Restaurant 43,650 0.53%

11 Quick -service Restaurant 38,809 0.47%

12 Large Hotel 327,562 3.96% Total Floor

13 Small hotel/motel 113,837 1.38% CBECS Type (xlggf)aftz) Weights
17A  |Pubic Assembly 414,953 5.02%

14 Non-refrigerated warehouse 1,105,951 13.38% 178 |Food Sales 96,990 1.17%

15 High-rise apartment 593,241 7.18% 17C  |Other 769,423 9.31%

16 Mid-rise apartment 484,343 5.86% 17D |Public Order and Safety | 121,907 | 1.47%

Covered by Prototypes 6,616,193 80.0% 17E  |Religious Worship 184,143 2.23%

17F  |Service 62,369 0.75%

17 No Prototype 1,649,785 20.0%

18 Total 8,265,977 100.0%
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90.1 Simulation — New Construction Weights

weights

by bldg

1 2A 2B 3A 3B 3C 4A 4B 4C 5A 5B 6A 6B 7 8 type

Large office 0.102 | 0.326 | 0.061 | 0.445 | 0.285 | 0.117 | 1.132 | 0.000 | 0.154 | 0.442 | 0.121 | 0.133 | 0.000 | 0.011 | 0.000 | 3.33

Medium office 0.129 | 0.813 | 0.292 | 0.766 | 0.715 | 0.136 | 1.190 | 0.036 | 0.196 | 1.060 | 0.342 | 0.298 | 0.035 | 0.033 | 0.007 6.05

Small office 0.084 | 1.064 | 0.289 | 0.963 | 0.475 | 0.078 | 0.936 | 0.047 | 0.123 | 0.920 | 0.322 | 0.241 | 0.030 | 0.032 | 0.005 5.61

Standalone retail | 0.224 | 2.220 | 0.507 | 2.386 | 1.250 | 0.191 | 2.545 | 0.119 | 0.428 | 3.429 | 0.792 | 0.948 | 0.091 | 0.109 | 0.014 15.25

Strip mall retail 0.137 | 0.991 | 0.254 | 1.021 | 0.626 | 0.103 | 1.008 | 0.023 | 0.107 | 1.023 | 0.201 | 0.153 | 0.016 | 0.007 | 0.001 5.67

Primary school 0.064 | 0.933 | 0.164 | 0.944 | 0.446 | 0.048 | 0.895 | 0.030 | 0.094 | 0.920 | 0.224 | 0.168 | 0.037 | 0.023 | 0.003 4.99

Secondary school | 0.160 | 1.523 | 0.230 | 1.893 | 0.819 | 0.109 | 2.013 | 0.063 | 0.243 | 2.282 | 0.438 | 0.415 | 0.086 | 0.075 | 0.012 10.36

Hospital 0.040 | 0.479 | 0.096 | 0.468 | 0.273 | 0.039 | 0.615 | 0.022 | 0.106 | 0.812 | 0.218 | 0.221 | 0.024 | 0.034 | 0.001 3.45
Outpatient

health care 0.037 | 0.567 | 0.134 | 0.581 | 0.275 | 0.061 | 0.818 | 0.023 | 0.181 1.058 | 0.218 | 0.342 | 0.033 | 0.039 | 0.002 4.37
Full-service

restaurant 0.009 | 0.106 | 0.025 | 0.111 | 0.047 | 0.006 | 0.127 | 0.006 | 0.010 | 0.143 | 0.031 | 0.031 | 0.004 | 0.004 | 0.000 0.66
Quick-service

restaurant 0.008 | 0.092 | 0.020 | 0.102 | 0.063 | 0.007 | 0.089 | 0.005 | 0.014 | 0.128 | 0.026 | 0.025 | 0.003 | 0.004 | 0.000 0.59
Large hotel 0.109 | 0.621 | 0.125 | 0.635 | 0.793 | 0.106 | 0.958 | 0.037 | 0.123 | 0.919 | 0.200 | 0.227 | 0.058 | 0.038 | 0.004 4.95
Small hotel 0.010 | 0.288 | 0.030 | 0.268 | 0.114 | 0.022 | 0.315 | 0.020 | 0.039 | 0.365 | 0.089 | 0.107 | 0.031 | 0.020 | 0.004 1.72
Warehouse 0.349 | 2.590 | 0.580 | 2.966 | 2.298 | 0.154 | 2.446 | 0.068 | 0.435 3.580 | 0.688 | 0.466 | 0.049 | 0.043 | 0.002 16.72
High-rise

apartment 1.521 | 1.512 | 0.076 | 0.652 | 0.741 | 0.173 | 2.506 | 0.000 | 0.358 1.163 | 0.115 | 0.125 | 0.016 | 0.008 | 0.000 8.97
Mid-rise

apartment 0.257 | 1.094 | 0.093 | 0.825 | 0.862 | 0.260 1.694 | 0.022 | 0.371 1.122 | 0.318 | 0.313 | 0.056 | 0.032 | 0.000 7.32

weights by zone | 3.24 | 15.22 | 2.98 | 15.03 | 10.08 | 1.61 | 19.29 | 0.52 | 2.98 | 19.37 | 4.34 | 4.21 | 0.57 | 0.51 | 0.06 | 100.00




3 office Prototypes

Small Office

Large Office

Floor area (ft?) |Number of Floors| Aspect Ratio WWR Floor area (ft?) |Number of Floors| Aspect Ratio WWR
5,500 1 15 15% 498,600 12 1.5 40%
(plus basement)
Medium Office 1 warehouse Prototype
Non-refrigerated warehouse
Floor area (ft) |Number of Floors| Aspect Ratio WWR Floor area (ft’) |Number of Floors| Aspect Ratio WWR
53,600 3 15 33% Office area: 12%

49,500

1

2.2

Storage Area: 0%
Overall: 0.71%




2 Mercantile Prototypes

Stand-alone Retail

Primary School

2 Education Prototypes

Floor area (ft2) |Number of Floors| Aspect Ratio WWR
24,695 1 1.28 7%

Strip Mall

Floor area (ft2) |Number of Floors| Aspect Ratio WWR

22,500

1

4

11%

Floor area (ft2) |Number of Floors| Aspect Ratio WWR
74,000 1 NA 35%

Secondary School

Floor area (ft2) |Number of Floors| Aspect Ratio WWR
210,900 2 NA 33%
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2 Health Care Prototypes
Outpatient Health Care

Small Hotel

2 Lodging Prototypes

Floor area (ft2) |Number of Floors| Aspect Ratio WWR
40,950 3 NA 20%
Hospital

Floor area (ft?)

Number of Floors

Aspect Ratio

WWR

241,410

5
(plus basement)

1.33

16%

Floor area (ft2) |Number of Floors| Aspect Ratio WWR
43,200 4 3 11%
Large Hotel
Floor area (ft2) |Number of Floors| Aspect Ratio WWR
Ground &
6 basement floor:
122,132 3.8 27%
(plus basement) All other floors:
5.1
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2 Food Service Prototypes

Full-Service Restaurant

2 Apartment Prototypes
Mid-rise Apartment

Floor area (ft?)

Number of Floors

Aspect Ratio

WWR

33,700

4

2.74

15%

High-rise Apartment

Floor area (ft2) |Number of Floors| Aspect Ratio WWR
5,500 1 1 18%

Quick-Service Restaurant

Floor area (ft2) |Number of Floors| Aspect Ratio WWR
2,500 1 1 14%

Floor area Aspect
(ft2) No. of Floors Ratio WWR
84,360 10 2.75 15%




Progress Indicator - Addenda

» 90.1-2007
m 44 addenda to 2004

» 90.1-2010
®m 61 approved addenda to 2007 through April 2010

» Total 105 addenda compared to 90.1-2004
m 86 addenda in Section 5 through 10

No. of
Descriptions Addenda
Addenda in section 5 through 10 (prescriptive sections) 86
Addenda with no energy saving impacts 36

o

Pacific Northwest
MNATIONAL LABORATORY
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April 2010 Progress Indicator Summary

Site Energy [kBtu/sf]

Energy Cost [$/sf]

Building Prototype Site Energy Energy Cost
90.1-2004 Apr2010 PI 90.1-2004 Apr2010 PI Savings Savings

smalloffice L. 400 | 354 o $1.04 | $0.92 | ... 113% | 115% |
Medium office | 467 | 407 | $122 | $1.03 | - 128% | 152% |
Large office 40.6 35.8 $1.03 $0.93 11.8% 10.0%
Standaloneretail ) 719 519 | $170 | $126 | 27.8% | 26.1% |
Strip mall 75.9 62.9 $1.78 $1.45 17.1% 18.5%
Primary school | 709 ol 568 s162 | $136 | 199% ... 16.1% |
Secondary school 62.8 46.2 $1.45 $1.15 26.4% 20.7%
Outpatienthealthcare | 4573 | 1380 | 358 | $3.16 | 114% | 11.8%
Hospital 154.4 1455 $3.39 $3.18 5.8% 6.2%
Smallhotel | 692 | . 648 | $153 | . $143 | 64% | 1 67% .
Large hotel 153.0 142.8 $2.93 $2.77 6.7% 5.6%
Wareh

arehouse 27.4 22.5 $0.56 $0.46 17.9% 16.6%
Quick-service restaurant | 532.7 | 5099 o $1017 | $9.74 ... 43% | 4.2% |
Full-service restaurant 377.1 357.2 $7.49 $6.95 5.3% 7.2%
Mid-rise apartment =~ | 435 | 397 ol $1.04 | $095 | . 87% | . 85%
High-rise apartment 44.0 41.3 $1.11 $1.05 6.2% 5.8%
National-weighted
average 69.8 59.5 $1.58 $1.36 14.7% 14.0%




Progress Indicator Summary

BL_:_;:::‘g Building Prototype October 2009 January 2010 April 2010
smalloffice i 104% | 113% fo 113% .
Office Medium office | 116% o 13.0% ) 12.8% ...
Large office 9.5% 11.7% 11.8%
Retail stand-aloneretail e 15.9% 182% . foo 27.8% ..
Strip mall 9.4% 17.2% 17.1%
: Primary school 11.7% 13.0% 19.9%
Educatlon ......................................................................................................................................................................................................................................................................................
Secondary school 10.1% 14.0% 26.4%
Outpatient healthcare 11.0% 11.8% 11.4%
Health Care ..................................................................................................................... T St OURURROURRRROU EEOTROTRRRRPPR S eesun bR v O RO PUPRRRPPRRRRPON
Hospital NA 5.8% 5.8%
Small hotel 5.9% 6.1% 6.4%
lodging | f 2R PR R
Large hotel 3.1% 6.7% 6.7%
Warehouse |Warehouse 14.9% 14.0% 17.9%
] Quick-service restaurant 0.5% 4.3% 4.3%
Food Service S I
Full-service restaurant 2.6% 4.9% 5.3%
Mid-rise apartment 8.7% 8.7% 8.7% :
Apartment ..... . ............ . ...................................................................................................................................................................................................................................................................
High-rise apartment NA 4.6% 6.2%
National-weighted Average 9.8% 11.4% 14.7% !
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Example: Secondary School

Progress Indicator (Apr '10): Secondary School Energy End Use

140
B 5rH National Weighted-Average Energy Saving: 26.4%
B Heating National Weighted-Average Energy Cost Saving: 20.7%
O Cooling

120 1

O Heat Fecowerny Aux.
B Pumps

OFan=s

100 - 9Plug Loads

O Esterior Light=
Olnteror Lights
g a0
[
£
&
= f =
= 1 1
= 8% o .zn% - '
2 - 22% 29%
£ | gy [ - D150 16%
a0 - . __E_ || 19% ]
| = __ | = || :— I I
20 A — — — — — — — — —
1]
o & & =1 @
@‘}@ -a.'#\ $° n&b & di:"c & %49‘ §\o§
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Climate Location Pacific Northwest

NATIONAL LABORATORY
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Next Steps - June 2010 Progress Indicator

» Apply additional BOD-approved addenda to June 2010 PI

®  Addendum AS (VAV turndown for medical zones)
» Checking the energy saving results in hospital
» Will work on the outpatient as well
®  Addendum CB (automatic OA damper requirements for buildings < 3 stories)
» Need to change the OA dampers for some of baseline models as well
®  Addendum M (chiller performance)
» Received the chiller performance curves from 90.1 committee
» Currently conducting sensitivity analysis
®  Addendum S (DX performance)
» Waiting for the DX performance curves
® and more...

» Apply addenda with potentially big energy impacts to
forecast the 90.1-2010 results

® Addendum BB (envelope)
®  Addendum BY (lighting power density)

®  Addendum CY (economizer) \ﬁ/

Pacific Northwest
MNATIONAL LABORATORY
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Time for Questions...

PNNL’s Commercial Simulation Team
[Bing Liu J

* Mike Rosenberg

e Dr. Weimin Wang

Dr. Yulong Xie

Brian Thornton

Yunzhi Huang

Dr. Heejin Cho

Dr. Jian Zhang

Rahul Athalye

Vrushali Mendon \7/

Pacific Northwest
MNATIONAL LABORATORY
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U.S. DEPARTMENT OF Energy Efﬁciency &

Building Technologies Program ENERGY | rcrcvwabie Energy

Thank you for attending the Webinar

U.S. Department of Energy Commercial Reference
Buildings - Benefits and Applications

If you have any comments or ideas for future Webinars, please email
webmasterbtp@nrel.gov

Visit http://www.buildings.energy.gov/webinars.html! to download
today’s presentations and to register for announcements of upcoming Webinars.

Building Technologies Program eere.energy.gov
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